Summary: The dynamic structures of the human ductuli efferentes, which connect between the rete testis and the ductulus epididymidis, are described in the present paper. Maturation of sperm takes place in the tubule and after this process the group of sperm is transferred to the ductus. All ductuli do not show the same histological contents. Each ductulus shows variety of different configuration depending on to the functional phase (the state of sperm maturation) of the tubule. The basic pattern of all the tubuli is the same, however, they differ in the thickness, cytoplasmic components of epithelial cells and luminal contents. Larger tubule has big lumen whereas small is almost without a lumen. During the process, spherical and luminal macrophages act as nurse macrophage by using G1 granules obtained from the epithelial cell, and irregular shaped macrophage in the small tubule acts as scavenger macrophage. It has been shown that the epithelial cell of the large tubule show intense excretory activity and the secretory substance is different from other granules and lysosomes by periodic acid methenamine silver staining.
The ductuli efferentes (DEs) are developed from mesonephric tubules, which are originated from segmented mesonephric corpuscles, and then connect with the rete testis and the ductus epididymidis (DP) of the mesonephric duct1,2). Consequently in the male reproductive organs of human, the DEs arise from the rete testis and penetrate the tunica albuginea. Through numerous windings and convolutions of DE form conical bodies called the coni vasculosi, of which tubules gradually fuse with the single highly coiled DP. Tubules of the DE have a characteristic epithelium, and the lumen of which shows festooned outline consisting alternate groups of tall ciliated and lower non-ciliated cells3).
The DE is a transit organ for the sperm maturation and transportation; nevertheless, function of the DE is not well known. In the present paper the focus is on the changes in morphology in relation to its functions of epithelium, macrophage, and luminal contents of DE by employing histochemical techniques, PAM, and a new technique of osmium staining on plastic embedding sections.
Material and Methods

Fixation, embedding, and sectioning
Testis and epididymis from a prostate cancer patient of 60 years old, who was on hormone therapy, was used in this study. The permission of the patient was obtained. The testis was fixed for 12 hours in 2.5% glutaraldehyde adjusted to pH 7.4 with 0.05 M cacodylate buffer. The specimen was washed with the same buffer and dehydrated routinely with alcohol, and embedded in glycolmethacrylate (GMA) (Technovit 7000, Kulzer), and then it was sectioned serially for 550 sections at 4 mm thickness on a Sorvall JB-4 microtome fitted with Ralph's glass knife6). Date presented here is for single patient but the author has examined additional slides embedded in wax prepared by pathologists, and by histologists in other medical schools.
Staining
First 200 slides were stained with the combination of HE, toluidine blue, and PAM; most of them were mainly stained with HE only.
For the rest of 350 slides every 5 th sections are stained with hematoxylin for morphological confirmation of continuity of tubules. All of abovementioned staining and multiple staining on the same section were followed the methods described by Nakamura and Yasuzumi7). PAM staining and PAM with gold chloride methods were followed according to Jones8). For the controls slides were not treated with periodic acid prior to treatment with methenamine silver9,10). A section was exposed to the vapor of 2% osmium tetroxide solution for 1 hour, stained with hematoxylin, then toluidine blue, and finally with PAM.
Results
In the caput of human epididymis several DEs form a lobule and loose connective tissue mass containing interlobular blood vessels intervene between the lobules (Fig. 1) . Initial segments of DEs arise from rete testis, ascending toward the lobule, Abbreviation of granules used in the manuscript and figures. G1: homogeneous granules. G1s: small G1 granules in the macrophage. G2: PAM positive granules showing osmium stained tiny dots on them, they are small, heterogeneous in density and size. G3: large granules often present in the basal cytoplasm. G4: PAM negative secretory granules, stained weekly with HE. G5: rice-shaped unstained granules present in the basal cytoplasm. G6: heterogeneous PAM positive substace in the macrophage. Lobular constituents in a section of serial number 128 are divided into group I, II, III, IV, and V for convenience (Fig. 1 ). Every tubule is confirmed as group of the DE by the presence of ciliated cells.
Group I: The area consists of small tubules, of which outer diameter is nearly 100-150 mm. The epithelium is low columnar and seems to be a clear tubule, because the tubule chiefly consists of clear cells containing G5 (Fig. 3A) . The epithelial cells have scarce or no granules in the cytoplasm, but granules observed in this group are G2, G4, G5 and G6 (Fig. 3) . Fine G2 granules accumulate at the tip of the cell (Figs. 3A, 3B ). There is no spermatozoa in the lumen, but is a macrophage which contains spermatozoa ( Fig. 3C ) and PAM positive G2 and G6 (Fig. 3D ). The macrophage extends it's cytoplasmic projection which seems to receive G2 granules from epithelial cells (Figs. 3C, 3D ).
Group II: DEs in this group show a variety of tubules in the cellular component of epithelial cell and luminal contents, and five kinds of DE are able to be differentiated as tubules II-1, -2, -3, -4 and -5 ( Fig. 1) for convenience. Tubules II-1: The tubule is 350-400 mm in outer diameter. The epithelium consists of medium high columnar cells containing partially G1 granules and clear cells containing G5, but a part of the tubule does not show any granules in the cytoplasm. Large number of spermatozoa and discarded spermatogenic cells are scattered and only a few macrophages gather luminal contents and contain rarely PAM positive granules but others do not (Fig. 4A) .
Tubules II-2: The tubule is 350-400 mm in outer diameter. The epithelial cells are similar to II-1, and contain more G1 granules, which are stained palely with HE (Fig. 4B) , arranged in row or irregularly (Figs. 4B, 4C, 5C ), and no osmium dots on both G1 granules of epithelial cells and luminal macrophage (Fig. 5C ). All of the luminal contents are gathered in corded and spherical shape by the macrophage that contains PAM positive G6 granule and a few of which contain no granules (Figs. 4B, 5). Tubules II-3: The tubule is 400-450 mm in outer diameter. The epithelial cells are similar to II-2, and G3 granules are scattered at basal cytoplasm. All of luminal contents are gathered in spheres of macrophages containing small G1 (Fig. 4D) .
Tubules II-4: The tubule is 120-200 mm in outer diameter. The epithelial cell has full of G1 granules arranged in row in the apical cytoplasm. In contrast to G2 granules, G1 and G1s granules in the epithelial cell and the macrophage do not show osmiumbind spot in the granule (Figs. 5A, 5B, 5C ). The lumen has not any contents (Fig. 4E) .
Tubules II-5: The DE is full of G1 granules in epithelial cells, and of G1s granules in the lumen and in macrophages at circumferential connective tissue (Fig. 4F) . The G3 granule scattered in the basal cytoplasm of epithelial cell and in interstitial macrophages seems to be composed of G1s and G2 granules (Fig. 4E) .
Group III: The DE in this group is almost same as the DE in the group I (Fig. 1) . Epithelial cells contain more G1 and G2 granules than group I, and luminal macrophage is observed often in the lumen of DEs.
Group IV: The tubule is 400-450 mm in outer diameter. Lobules shown in the Fig. 6 have a characteristic epithelium given in many histological textbooks. The lumen has a festooned outline because it is lined by alternating groups of tall and low epithelial cells, and because sometimes the basement membrane protrudes to the lumen. Epithelial cells contain relatively large amount of G2 granules and secrete G4 granules. Small amount of G1 and G5 granules are also scattered (Fig. 6 ).
Group V: The tubule is huge about 2000 mm in outer diameter. The epithelium appears characteristic cell lining that several tens of cell composed of a variety of height project straightly to the lumen, and the space between projections is occupied with cells of low height, accordingly the outline of the epithelium is not scalloped, but appears in dentiform and the luminal surface is relatively flat (Figs.  1, 2B, 7) . In the epithelial cell, four types of granules, G1, G2, G4, and G5, are able to differentiate with osmium treatment and with PAM (Figs. 7B,  7C ). Most conspicuous secretory activity is observed in the tubule. The secretory G4 granules are spherical and valiable in size, accumulate individually at the tip of the cell, and are secreted by exocytotic secretion. Secreted granules of G4 and a number of spermatozoa are there in the lumen (Fig. 6 ).
Discussion
Morphology
In many histological studies3,11 -14) DE is presented as the tubule in festooned outline of epithelium which is composed of a group of tall ciliated and smaller non-ciliated cells arranged alternately.
In the ex-current duct system of the testis, only DEs are the organ in which epithelium contains ciliated cells. Between DEs a variety of anastomosis and blind ends were reported in the previous studies15). DEs are developed from segmented mesonephric corpuscles1,2) and not from mesonephric tube. Each mesonephric tubule is elongated mesonephric corpuscle, segmentally and individually connects the one end with rete testis and the other end with mesonephric tube4,5,16); often the openings on both the sides of DE can be blocked depending on the influx and excurrent of the sperm. Generally, it has been shown that every ex-current tubule of DE consists of long initial segment before conus vasculosum, but in the human the initial segment is very short, and earlier it has not been shown.
Tubules presented in this study show that DE contains ciliated and non ciliated epithelial cells, however, the cell height on measurement showed ten or more different characteristics. On studying 550 serial sections, it has been observed that the tubules of similar characteristic are continuous, but not connected to each other. During the process of this work, author has observed samples of DE embedded in paraffin from many pathological laboratories and from practice slides preparation in other medical schools, several types of DE (see text) were recognized in addition to the scalloped DE. fig. 1 . Typical tubule of festoon outlined epithelium shows G1, G2, and G5 granules in the cell and G4 in the lumen. The basement membrane sometimes corrugates with epithelium (arrow). BM: basement membrane. Â400. Fig. 7 . The DE observed in the group V of the figure 1 and figure 2B shows most intense activity of secretion. A variety of spherical G4 granules are secreted into the lumen. A. A section of serial No. 128 is stained PAM. The huge tubule shows dentiform epithelium projects into the lumen and a number of spermatozoa in the lumen. SP: spermatozoon. Â400. B. After treatment of osmium the section of serial No. 156 is stained with toluidine blue. G4 secretory granules are enclosed separately with membrane and secreted by exocytosis. G1 granules do not show any conjugation with osmium, but G2 granules have many black spots with osmium (arrows). Â400. C. The section of B is stained with PAM after B. Black spots with osmium (arrows). Â400. Electron microscopically, Morita described three cell types17) and Holstein reported six cell types18) in the human DEs, however, present author insist that the epithelium of DE has only two types of cell, ciliated and non-ciliated cells. However, the epithelial cell transforms drastically (in cell height and cytoplasmic morphology) in several kinds, depending on appearance of granules. In the epididymis, including DE and DP, every tubule is surrounded by smooth muscle layer12), which controls dilatation and rewinding of tubules in different physiological stages. During the processing of sperm maturation, the conus may be closed at the entrance of the rete testis and at the exit to the ductus epididymidis by the smooth muscles.
Macrophages
On the basis of contents the author classified two types of macrophages: spherical macrophages containing G1 perform as nurse macrophage and irregular macrophages containing G1 and G2 granules are scavenger type. These granules are synthesized in the epithelial cells and are transferred to the luminal macrophages, however, G2 granules are taken up from epithelial cells by the scavenger macrophages. G1s granules appear to be smaller than that of epithelial cell granules; this may be due to the processing of the granules before transferring to the macrophages.
The spherical macrophages contain a number of intact spermatozoa and intact sperm heads. The volume of the granules between in the epithelium and the macrophage is in inverse proportion. Macrophages observed in group I of the figure 1 are thought to be as 'epididymal scavenger macrophages '19,20) , because the they collect luminal spermatozoa and G1s and G2 granules, so that the large macrophage contains heterogenous PAM positive G6 substance and tubules of small diameter seem to be inactive by loosing cytoplasmic granule and to prepare for the processing cycle.
Functions
In author's opinion, every tubule has different configuration depending on various stages of physiological functions. For example, as soon as one tubule takes sperm in, the epithelial cells start work in co-operation with macrophages for processing of sperm maturation by transfer granule to the macrophage, therefore this tubule will change to appear in a different configuration than that of the tubule which has no sperm in. To the best of author's knowledge there is no publication that recognizes morphological diversity of DE. The large tubule shows less winding than that of smaller ones. The luminal contents also differ in these tubules, and are thought to be produced by the absorption21) and secretion22).
The absorptive function is confirmed in this study also. The luminal macrophage carries damaged sperms, discarded spermatogenic cells, and epithelial wastes, such as secondary lysosomes and empty vacuoles after secretion of membrane bounded granules. In this study it is shown that empty membrane bound vacuoles contain osmium positive granules, since G2 granules are similar to secondary lysosome containing membranous remnants.
There are no reports available on secretory function of tubular epithelial cells. The secretory function of tubular epithelial cells is clearly showed in this study especially in the tubules, which are of large size (group V). The secretory granules stained with eosin suggest that they are protein in nature23), and PAM negativity suggests that they do not contain saccharide or glycoprotein. However, chemical composition of the secretory substance in the DE has also not discussed in previous reports. The DP contains glycerylphosphorylcholine24) and enzymes for glycoprotein synthesis25) to regulate its proper function.
For the function of tubules most important granules is thought to be G1. These granules are observed by Morita18) in 1966. Hamilton16) mentioned that the most striking feature is variable number of dense, membrane bounded granules found throughout the cytoplasm in the rat16) tubules. Other authors reported that these granules as the products of lysosomal function26). In this study G2 granules are also thought to be secondary lysosome, but the granules in II-2 tubule of figure 4B and 4C are not lysosome and are transferred from epithelial cell to luminal and spherical macrophage after making smaller ones.
The macrophage shows similar configuration to that of the nurse macrophage reported in the thymus27, 28, 29) , where several lymphocytes are engulfed and are activated for differentiation. Therefore, the author of this paper suggests that processing for sperm maturation, as suggested by Suzuki and Yanagimachi in Chinese hamster sperm30), the specific macrophages are necessary and can be called as 'epididymal nurse cell'.
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